We examine the evolution of Chinese stakeholder views on CCS over the past six years. The first major survey conducted in 2006 sought to understand views on deploying CCS technologies in China. In 2009, a second survey had the primary goal of understanding stakeholder perceptions of technology choice and financing issues for the first large-scale CCS demonstration projects in China. The latest consultation in 2012, building on previous surveys, investigates stakeholder perceptions as well as behavioural issues affecting preferences. In total, over 350 stakeholders were consulted from 2006 to 2012. Climate change is found to have risen dramatically as a priority for all stakeholders. The potential of CCS is more widely acknowledged, but more so by industry and less among government officials. Knowledge of CCS has also increased substantially. Post-combustion technologies are increasingly viewed as the preferred capture technology and some form of utilization, increasingly enhanced oil recovery, is preferred for CO 2 storage. Aside for concern over CO 2 storage risk, which remained high, attention moved from a focus on third party exposure (e.g. health and safety risks) to direct risks (e.g. the cost of CO 2 capture). The expectation of international financial support for demonstrating CCS in China had shifted over time and has gradually diminished.
Introduction
Under the 12th Five Year National Development Programme (2011) (2012) (2013) (2014) (2015) , the Chinese government plans to significantly reduce the carbon dioxide intensity of GDP while acknowledging the dominant role of coal in the primary energy structure. Carbon dioxide capture and storage (CCS), as the only technology to decarbonise fossil fuels, is therefore an important technical option to decarbonise the Chinese energy system in the long term [1] . Chinese CCS community have made remarkable progress in developing CCS projects and technologies in absence of strong national support [2] . From 2007 to 2011, a total of 12 industrial scale pilot projects have been developed in China [2] . Whilst a number of pilot scale CCS projects have been developed since 2008, no large-scale integrated CCS projects have reached the implementation stage [3] .
Stakeholder communication is a particularly important area in formulating timely policy support and overcoming barriers associated with deploying and demonstrating CCS technologies at large-scale [3] . A number of studies have investigated perceptions of industry experts and policymakers in the EU, US, and Australia [4] [5] [6] [7] . Formal stakeholder consultations on CCS in China date to 2006 ( Table 1 ).
The study reviews three major stakeholder consultations conducted from 2006 to 2012 [8] [9] [10] . The goal of this study is to understand how stakeholder attitudes towards CCS technologies have evolved during this period through a comparison of findings from the three consultations. In particular, the following six topics are examined: 
Methodology
Nine stakeholder consultations (Table 1) in China were conducted between 2006 and 2012 that addressed CCS in relation to long-term deployment, large-scale demonstration, industry behavioural patterns, energy sec -ready . In particular, the three studies led by the authors in 2006, 2009 and 2012 sought to balance numbers of stakeholders, i.e., government, industry, academia and NGOs.
The first study was conducted in August and September 2006 (in collaboration with the Chinese Academy of Social Sciences, China Coal Information Institute and South China University of Technology) with a focus on opportunities and barriers for the long-term deployment of CCS in China. based on 115 telephone and face-to-face interviews [8] . The study conducted by the authors in March and -scale integrated CCS demonstration project in China and included 131 online survey responses, 9 face-to-face interviews and 27 follow-up interviews [9, 10] ; the consultation in August 2012 received 59 online or email responses, with 11 follow-up face-to-face interviews.
In the 2006 study, 115 stakeholders responded to the survey, with approximately 23% coming from government, 35% from industry, and 33% from academia. The survey investigated stakeholders working in national institutions as well as those based in provincial or municipal institutions, with a focus on Beijing, Hubei (in Central China) and Guangdong (in South China).
In 2009, there were approximately equal shares of respondents from each sector: government (24%), energy industry (24%), academia (23%) and other (financial services, non-energy industry, and NGOs) (29%). The survey of 140 stakeholders covered 27 provinces and regions in China.
In the 2012 study, among the 59 respondents, 27% of respondents were from government, 36% from industry, 20% from academia and 17% from other sectors (with 4 responses (7%) from NGOs).
Although there are similar distributions across sectors, there are still some important geographical differences of three datasets and this was not intended as a panel (only 4 respondents answered all three surveys) the comparative analysis will be conducted qualitatively.
Results and Discussions

Views on Climate Change
Finding 1: There is a rapidly growing consensus on the importance of climate change among stakeholder groups.
2006: Most stakeholders concerned the potential impact of climate change but a majority considered issue at their institution. Approximately twice of stakeholders considered climate change would be an immediate threat compared to the study in 2006. Government stakeholders attached less importance to climate change but more likely view climate change issue as an immediate threat compared with those in industry.
2012: Ap
Unlike 2009, 12 out of 16 respondents from governments perceived climate change as a very important issue. This is possibly driven by the establishment of Chinese national greenhouse gas reduction target and low carbon pilot programmes from 2010 to 2012. Still, or reduction in annual greenhouse gas emissions in China in 2030 compared to 2010 levels.
Views on CCS as a Measure to Reduce Emissions
Finding 2: There is still no overwhelming consensus on the role of CCS in a Chinese low carbon energy portfolio, although more acknowledge its potential role in reducing emissions. There is still not much enthusiasm for CCS among national government stakeholders, but the interest from energy industry stakeholders have improved gradually over time.
2006: Although CCS is generally viewed as having the potential to achieve a deep cut of greenhouse gas emission, most stakeholders viewed CCS as a more expensive and risky option in contrast with energy conservation technologies that were largely supported by Chinese policy and legislative framework. Officials from government and energy companies were more pessimistic on CCS in contrast with academia.
2009: More than threeachieving a deep cut in Chinese emissions. Stakeholders from energy companies and the national government were less optimistic with regard to CCS in contrast than academics. Although nearly all stakeholders had heard of at least one major CCS project around the world, very few stakeholders realised that most individual components in the CCS chain were mature in other industrial applications. The main of stakeholders perceived the effect of C energy security. 2012: More than twondents from the energy industry and academia were more positive about the role of CCS compared with those in national government and the power generation industry. A majority of stakeholders working in the national ary only if alternative options cannot achieve national carbon reduction objectives . Approximately half of all stakeholders believed the first large-scale integrated CCS project (capturing more than 1 million tonne CO 2 per annum) would likely start operating between 2017 and 2022. About a quarter of stakeholder chose within 5 years (i.e. from 2012 to 2017) and the rest selected more than 10 years (i.e. after 2022). 2006: Given that CCS was relatively new in China at the time of the first survey, stakeholders were not asked to prioritise specific capture technologies. Although some stakeholders understood components of CO 2 capture technologies had been applied in the energy sector, most stakeholders at both the national and local level considered CCS technologies as being inadequate for large-scale commercial deployment. Most stakeholders did not yet have a clear understanding of the efficiency penalty associated with CCS technologies. For example, one respondent from national government stated that CCS would be acceptable if the energy penalty was less than that of FGD (flue gas desulphurisation).
Preferences on CO 2 Capture Technology
2009: There were similar levels of support for post-combustion capture (41%) and pre-combustion , as a relatively novel technology to many respondents, was only chosen w-up face-to-face discussions, the fact that the process was mature retrofitt the main reasons for prioritising post-usually considered the technology to be more cost-effective in the longer term.
2012: A majority of stakeholders (61%) described ost-as the preferred option for the first commercial scale CCS project, re-o Only 13% of stakeholders follow-up interviews, one national government official and two industry stakeholders who had experience with a gasification project explained the pessimistic views towards pre-combustion projects might be the result of cost overruns in building a large-scale IGCC (Integrated Gasification Combined Cycle) power plant in China.
Preference on CO 2 storage method
Finding 4: Although there was a growing consensus on the importance of greenhouse gas reductions in China, a great majority of stakeholders preferred that the first large-scale CCS demonstration project deliver side benefits in terms of enhancing hydrocarbon production, in particular enhanced oil recovery (EOR). Enhanced coal-bed methane recovery (ECBM) was considered a less viable option for the first large-scale CCS demonstration project.
2006: Many stakeholders were not able to prioritise specific CO 2 storage technologies but a majority of stakeholders in Beijing and Guangdong preferred enhanced oil recovery (EOR).
2009: Over two-thirds of stakeholders preferred some form of enhanced hydrocarbon recovery for the first large-scale CCS demonstration project (i.e. 31% chose enhanced coal bed methane recovery; and 38% chose enhanced oil recovery). Only 11% chose depleted oil and gas reservoirs and 5% chose saline aquifers for pure carbon dioxide sequestration purposes.
2012: Approximately thr
-scale CCS explaining technical options for CO 2 storage.
The lack of onshore CO 2 storage capacity in the major demand centres of eastern and southeastern China [16] , led us to ask stakeholders in the 2012 survey to trade off between three alternative CO 2 capture, transportation and storage options in providing lower-carbon CCS electricity to coastal areas: (a) inland CO 2 capture plants near storage sites with long distance transmission of electricity to the coast, preferred by 20% of respondents; (b) short distance CO 2 pipelines (<250km) connected to offshore CO 2 storage sites, which was the most favoured option at 61%; and (c) long distance CO 2 pipelines (>250km) linked to an inland onshore CO 2 storage sites, which was the least popular (14%).
Perceptions of increased risks
Finding 5: There is growing awareness of the risks associated with the deployment of CCS. Aside from the CO 2 storage risk that always registered as a concern, the focus was shifted from third party exposures (e.g. health and safety and ecological impact) to first party risks (e.g. cost of CO2 capture, interruption of the CCS chain).
2006: Stakeholders concerned a number of key risk exposures from a specified However, the risk listed in 2009 was different from the list in 2006 which had focused on the physical risks. 2 2 were cited as the three most popular risk exposures during the follow-up interviews. There are growing challenges in overcoming public perception in planning coal-fired power plants in China. Public perception is has long been considered a key barrier for developing new CCS projects in Europe but a large majority of Chinese stakeholders (78%) considered CCS as having impacts on siting new thermal power plants.
Financing and Policy
Finding 6: The limited progress of CCS development in developed countries has led to a more cautious attitude on whether China moving as a pioneer in CCS would bring real benefits for its energy and manufacturing industry. The expectation of international financial support for demonstrating CCS in China had been evolving from an established mechanism (i.e. CDM) in 2006, to targeted mechanisms in 2009, but it was then gradually diminished in 2012.
2006: Whether CCS could qualify for CDM (Clean Development Mechanism) credit was considered as a critical factor of implementing CCS. Most stakeholders had not yet got a solid understanding on cost of CCS technologies. Direct subsidies were preferred by power companies for deploying CCS projects in Prospects for emonstrate the Chin s in combating climate chan an to be two key benefits of demonstrating CCS at scale in China. During follow-up interviews, stakeholders generally had a better understanding of the costs involved in demonstrating CCS. There were widely divergent views on the hurdle rates for demonstrating CCS projects (i.e. from 5% to 20%). Although commercial debt financing was considered to be unlikely in supporting CCS in most developed countries, finance industry stakeholders considered that it would be possible to finance the total capital with less than half of debt financing in the expectation that a substantial fraction of overall financing would come from concessionary s -owned banks. Foreign public institutions (i.e., government and development banks) were considered to be a major source of financial support for the first large-scale CCS demonstration in China.
2012:
Chinese average of 3.8 on a scale of 1-5), fo a deep cut in greenhouse gas emissions By (3. 3) was no longer described as one of the top benefits, perhaps due to the current recession in the renewables manufacturing industry in China. In addition, when being asked about the pace of CCS development in China compared with developed countries, 46% believed the pace should be slower than developed countries, 32% suggested a comparable pace, whereas only 12% suggested China should move faster on CCS (the remainder ). Furthermore, more than half of the stakeholders in the follow-up survey acknowledged that support by foreign governments is not likely to be realistic in funding the first large-scale CCS demonstration projects in China.
Conclusions
CCS has the potential to play an important role in decarbonising coal-dominated energy system. At the same time, China could play an important role in reducing the cost of CCS technologies globally. Although stakeholder attitudes towards CCS have become more positive between 2006 and 2012, Chinese national government stakeholders in particular do not yet have a consensus on the future role of CCS.
Even though stakeholders were much more concerned with climate change as a in 2012 compared with 2006, the preference for CO 2 storage remains enhanced hydrocarbon (and increasingly oil) recovery.
The energy penalty associated with the CO 2 capture and compression processes is a key barrier to implementing CCS in China because the Government has set energy conservation and economic development as two overarching national goals in both the 11th and 12th five year development programmes, and has adopted an electricity despatch policy linked to the efficiency of coal consumption (tonne per kWh) in coal-fired power plants. In spite of dramatically increased domestic coal production from 1 to 3 billion tons between 2000 and 2010, China is estimated to have become the largest net importer of thermal coal by 2011 [17] .
Though there are not many studies on offshore CO 2 storage in China [18] , a majority of stakeholders considered offshore CO 2 storage as a more viable option for decarbonising thermal power plants in industrial areas along the coast.
The preference for the CO 2 capture technology that should be used in the first large-scale CCS projects changed dramatically from 2009 to 2012 with half as many stakeholders (31% versus 16%) favouring pre-combustion capture and a large majority now preferring post-combustion capture, which may be linked to cost concern at the first IGCC plants. M therefore particular important in implementing a CCS demonstration programme and formulating a CCS roadmap.
The prioritised risks of CCS process have gradually aligned with the preferences of European stakeholders [6] (incl. CO 2 leakage from storage site, cost of CO 2 capture, and the interruption of CCS chain risks). However, the liability associated with long-term CO 2 storage stewardship has not yet been explicitly prioritised by stakeholders in China.
Chinese stakeholders had expected international support to provide a majority of incremental cost for CCS but the expectation was diminishing as fewer stakeholders considered that to be realistic by 2012.
